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HAZEL PLANTATION PLANNING USING GIS 
AND MULTICRITERIA DECISION ANALYSIS




Spatial and environmental conditions on the agricultural land are invariable com-
ponents and any plantation planning should take them into consideration. The 
conducted research presented methodology for suitability calculation of hazel plan-
tations based on multicriteria analysis, performed in Vukovar-Srijem County. Nine 
criteria representing topographic, climate, pedology and infrastructure properties 
were modelled in GIS environment. Values of created layers were standardized 
using stepwise standardization and their respective weights were calculated by 
Analytical Hierarchical Process. These values were integrated using weighted lin-
ear combination, resulting with suitability values. The surrounding area of the City 
of Ilok had the highest suitability for hazel plantation in the studied locality, with 
maximum suitability 4.1 out of 5.0. Suitability was visualized on a thematic map, 
which enables farmers to interpret the data. 
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INTRODUCTION
Agricultural land is a stationary component on which 
spatial and environmental conditions cannot be influ-
enced, like topography and climate (Lake et al., 2008). A 
farmer can influence how and when to implement agro-
technical measures on agricultural land in order to maxim-
ise its potential. Advancements in Geographic Information 
System (GIS), Global Navigation Satellite System (GNSS) 
and remote sensing enabled the creation and analysis of 
spatial data for agricultural purposes (Seelan et al., 2003; 
Jurišić and Plaščak, 2009; Jurišić et al., 2018). One of 
the most notable integrations of these technologies in 
agriculture is by calculating cultivation suitability using 
multicriteria decision analysis (Hayashi, 2000). Suitability 
layers are visualized on thematic maps, which enable 
interpretation of analysed spatial data with only elemental 
knowledge (Jurišić et al., 2013a; Jurišić et al., 2013b). 
Such procedure enables farmers to determine the most 
suitable area for cultivation of chosen culture, especially if 
the individual decides to buy land and establish or expand 
agricultural production. Multicriteria analysis for estima-
tion of agricultural land suitability has been a subject 
of research in almost all parts of the world, primarily in 
areas with limited natural resources. Kihoro et al. (2013) 
applied a multicriteria analysis for rice suitability in Kenya, 
based on soil and climate criteria. A similar process 
was applied for wheat suitability in India by Sarkar et 
al. (2012) in order to maximize available soil resources, 
which generally possessed inadequate irrigation system 
and soil depth. Musakwa (2017) conducted an extensive 
multicriteria analysis for agricultural land reform in South 
Africa, having 15 criteria sorted in three criteria groups 
representing environmental, climatic and socio-economic 
criteria. Multicriteria analysis in agriculture is currently 
not developed as a recognizable procedure for calculation 
of land suitability in Croatia. However, variants of spatial 
modelling for suitability estimation in agriculture were 
used extensively in the eastern Croatia during the last 
decade (Vukadinović et al., 2011; Bogunović et al., 2016). 
This paper presents a methodology for evaluation 
of available sites for hazel plantations establishment. The 
study also covers the application of multicriteria analysis 
in the Vukovar-Srijem County in Croatia, with a suitability 
thematic map as a final result.
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MATERIAL AND METHODS
The study area is the Vukovar-Srijem County, a 2448 
km2 area located in the Eastern Croatia. Agricultural land 
covers 1497 km2 of the County area, of which 1.72% (26 
km2) are orchards (Vukovar-Srijem County, 2018). There 
is a long-standing trend of investing in permanent crops 
in the County, among which a hazel has a significant 
place. According to County development strategies 
(VUSZ, 2019), the number of hazel plantations has 
been continuously increasing during the past ten years 
(2009- 2019). Furthermore, an energy efficiency study 
from 2017 recommends agricultural production as one 
of the primary activities for sustainable economic devel-
opment in the County, due to favourable soil features, 
annual precipitation schedule and mild continental cli-
mate (Vukovar-Srijem County, 2017).
The process of performing a multicriteria deci-
sion analysis in this study consists of deciding on the 
analysis subject, determining the criteria, modelling 
of GIS layers, layer values standardization, compu-
tation of factor weights, suitability calculation and 
result analysis. Criteria were defined covering relevant 
spatial characteristics cultivation of hazel which can 
be modelled in GIS. It was then separated to factors 
and constraints, due to the need to determine criteria 
that shows cultivation suitability to some extent and 
Boolean criteria indicating a distinctive possibility or 
inability to establish a plantation. The selected criteria 
sorted by the criteria type is shown in Table 1. Land 
elevation is one of the most significant agroecologi-
cal factors for hazel (Mirotadze et al., 2008). It was 
chosen as a primary topographic factor, alongside 
insolation and wind indicators, derived from elevation 
data. The average minimal air temperature in January 
(budding period) and the average mean air tempera-
ture in February (flowering period) were selected as 
critical for successful annual yield (Vujević et al., 
2014). Rainfall amount was expanded to an entire year 
average, due to hazel being a permanent crop. Existing 
soil cultivation suitability classes were selected as an 
all-around indicator of suitability regarding the soil. 
Last selected factor is distance to nearest roads, 
since hazel plantation proximity from stationed agri-
cultural machinery has an effect on logistical planning 
for conducting agrotechnical measures. Ecologically 
protected area was selected as an only constraint in 
the process of multicriteria analysis.
GIS software used in this study was SAGA GIS 
7.2.0 for spatial modelling, calculation and geostatistics, 
alongside QGIS 3.4.5 for data visualization. Preformed 
spatial analysis is raster-based so all input vector crite-
ria layers were rasterized, aside from constraint layer. 
All GIS layers are also reprojected to Croatian Terrestrial 
Reference System (HTRS96/TM), due to its prerequisite 
to be georeferenced in uniform coordinate reference 
system and projection. Spatial resolution of created lay-
ers and resulting suitability layer is 30 meters. 
Table 1. Criteria for hazel plantation suitability analysis







Elevation Digital elevation model Factor
Total Insolation Potential annual total insolation Factor
Wind Exposition Wind exposure index Factor
Rainfall Average annual rainfall amount Factor
Min T January Average January minimal air temperature Factor
Mean T February Average February mean air temperature Factor
Soil Suitability Soil map suitability classes for agriculture Factor
Road Distance Distance to nearest road Factor
Protected Area Area restricted for agriculture by Republic of Croatia Constraint
Four main data sources alongside constrained eco-
logical area were used for the modelling of GIS layers. 
Shuttle Radar Topography Mission (SRTM) 1−arc second 
digital elevation model (DEM) was preprocessed and 
further used for calculation of insolation and wind exposi-
tion layers. Total insolation was calculated for time period 
between January 1, 2017 and December 31, 2017, with 
daily resolution of seven days and hourly resolution of four 
hours per day. It represents a sum of direct and diffuse 
potential insolation. Wind exposition index was calcu-
lated with the angular step size of 15 degrees. Air tem-
perature and rainfall layers were interpolated using World 
Weather Online historical climate data from 2013 to 2017 
(https://www.worldweatheronline.com/) for eight meteo 
stations located evenly around the study area. They 
are located in Slavonski Brod, Osijek, Županja, Vukovar, 
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Gradačac, Bijeljina, Sombor and Novi Sad. Geostatistical 
method for interpolation was Inverse Distance Weighting 
(IDW) method, applied for climate data in various studies 
(Lofgren and Zhu, 2000; Xavier et al., 2016). Soil suitabil-
ity was extracted from soil map 1:50000 (Bogunović et 
al., 1997), with suitability classes representing water or 
built-up areas (0), soil unsuitable for cultivation (N1, N2) 
and suitable for cultivation (P1, P2, P3). Road distance 
values mark horizontal distance to nearest paved road. 
Calculation was performed referring to Open Street Map 
vector data with highway attributes “primary”, “second-
ary” and “tertiary”. All eight input factors layers are 
visualized on Figure 1. Finally, constraint layer consists of 
Spačvanski bazen with 382 km2 coverage, which repre-
sents NATURA 2000 ecologically protected area. For all 
layers representing the factors, values were reclassified 
to 5 classes in 1-5 number interval to indicate the degree 
of suitability of the specific factor. Such process is based 
on stepwise standardization method (Rahman et al., 
2012). Border values for each class were created based 
on the optimal agroecological conditions for hazel cultiva-
tion on the study area (Krpina, 2004; Šoškić, 2006). 
Figure 1. Input factor layers
Slika 1. Ulazni vrednujući slojevi
Computation of factor weights was conducted using 
the Analytic Hierarchy Process (AHP) method (Saaty, 
2008). AHP is considered as the most suitable method 
for multicriteria decision analysis in most cases and is 
regarded as flexible, comprehensive and straightforward 
(Musakwa, 2017). Weights were calculated based on 
the pairwise comparison matrix, where each param-
eter (factor or factor group) is compared to every other 
parameter in matrix, based on their relative importance 
on hazel plantation suitability. Comparison ratings ranged 
from 1 (equally preferred) to 9 (extremely preferred). The 
comparisons were tested for inconsistency using the 
Consistency Ratio (CR). It was calculated from the devia-
tion of consi stency shown through the Consistency Index 
(CI), and the Random Consistency Index (RI), an average 
CI from a random matrix (Saaty, 2008): 
CICR
RI






 ,  (2)
where λ is average value of consistency vector and 
n is the number of parameters. An acceptable value of 
inconsistency is 0.10, whereas larger values indicate 
a necessity for revision of the pairwise comparisons 
(Zahedi, 1986; Saaty, 2008). Standardised factor values 
and their respective weights were combined by means 
of weighted linear combination for suitability calculation. 
Such procedure is one of the most often used decision 
models in GIS (Malczewski, 2000). The result was then 
intersected by the Boolean constraint vector layer, 
excluding the area permanently non-suitable for hazel 
cultivation from the result. Suitability was calculated 
following the formula (Eastman et al., 1995):
i isuitability w X C  ,  (3)
where wi is weight of factor i, Xi is standardized 
values of factor i and C is Boolean layer of constraints.
RESULTS AND DISCUSSION
Values for reclassification of factor values during 
stepwise standardization are shown in Table 2.
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Due to a high amount of chosen individual factors 
for AHP method, the factors with similar thematic char-
acteristics were divided into factor groups. Elevation, 
Total Insolation and Wind Exposition were selected for 
the Topology group, whereas Climate group consisted of 
Rainfall, Min T January and Mean T February. Similarly, 
Soil Suitability factor was allocated to Pedology and 
Road Distance to Infrastructure group. First pairwise 
comparison was conducted on factor groups (Table 3), 
followed by the same procedure for factors in Topology 
(Table 4) and Climate factor group (Table 5). Maximum 
RI value amounts to 0.53 for three parameters and 
0.90 for four parameters in pairwise comparison matrix 
(Saaty, 2008). CR values were lower than 0.10 for 
all three matrices, indicating a strong consistency in 
weights calculation.
Table 2. Factor standardization classes





1 2 3 4 5
Elevation [m] < 60 60 − 80 80 – 100 100 − 150 150 >
Total Insolation [kWh/m2 per year] < 1675 1675 − 1700 1700 – 1725 1725 − 1750 1750 >
Wind Exposition [/] < 0.8 0.8 − 0.9 0.9 − 1.0 1.0 − 1.05 1.05 >
Rainfall [mm] < 800 800 − 850 850 – 900 900 − 950 950 >
Min T January [°C] < −0.85 −0.85 – (−0.6) −0.6 – (−0.45) −0.45 – (−0.3) −0.3 >
Mean T February [°C] < 6.45 6.45 − 6.60 6.60 − 6.75 6.75 − 6.90 6.90 >
Soil Suitability N2 N1 P3 P2 P1
Road Distance [m] 1500 > 1000 − 1500 500 − 1000 100 − 500 < 100
Linear scaling method in [0,1] interval was taken 
into strong consideration for standardization, being the 
one of the most used procedures (Malczewski, 1999). 
However, stepwise standardization method proved to 
be more useful than traditional linear scaling, due to 
the presence of extreme values on Elevation, Total 
Insolation, Wind Exposition and Road Distance lay-
ers (Figure 2). These values were detected as outliers 
in the process of boxplot creation. The presence of 
extreme values stretched the standardization interval 
and allowed the standardization to effectively use only 
about 20-50% of the number interval. Such process led 
to the creation of layers with dominant top or bottom 
values, which had a negative effect on suitability in 
further process. The creation of custom standardization 
classes avoided these effects and enabled higher level 
of agricultural expertise influence on the result.
Figure 2. Boxplots of standardized values by linear scaling
Slika 2. Kutijasti dijagrami standardiziranih vrijednosti linearnim skaliranjem
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Table 3. Criteria groups pairwise comparison matrix
Tablica 3. Matrica usporedbe parova skupina kriterija
Topology Climate Pedology Infrastructure
Topology 1 3 4 7
Climate 1/3 1 2 4
Pedology 1/4 1/2 1 3
Infrastructure 1/7 1/4 1/3 1
CI = 0.028; CR = 0.031 < 0.100
Table 4. Pairwise comparison matrix for Topology criteria group
Tablica 4. Matrica usporedbe parova za topološku skupinu kriterija
Elevation Insolation Wind Exposition
Elevation 1 4 6
Total Insolation 1/4 1 2
Wind Exposition 1/6 1/2 1
CI = 0.007; CR = 0.013 < 0.100
Table 5. Pairwise comparison matrix for Climate criteria group
Tablica 5. Matrica usporedbe parova za klimatsku skupinu kriterija
Rainfall Min T January Mean T February
Rainfall 1 2 3
Min T January 1/3 1 2
Mean T February 1/2 ½ 1
CI = 0.006; CR = 0.010 < 0.100
Calculated group and individual weights are shown 
in Table 6. Total weights represent the product of indi-
vidual weight with corresponding group weight. Sum 
of all total weights amounts to 1, according to recom-
mendations of the AHP method. Elevation had the high-
est weight of all factors, with almost 40% influence on 
suitability result.
Table 6. Calculation of total factor weights













Total Insolation 0.194 0.108
Wind Exposition 0.106 0.059
Climate 0.236
Rainfall 0.539 0.127
Min T January 0.297 0.070
Mean T February 0.164 0.039
Pedology 0.146 Soil Suitability 1.000 0.146
Infrastructure 0.062 Road Distance 1.000 0.062
Weighted linear combination was conducted in two 
steps: first consisting of multiplication of standardized 
layers with corresponding weights and their sum for 
entire study area and second where the constrained 
area was excluded from the suitability layer. Final suita-
bility layer in form of thematic map is shown in Figure 3. 
Possible suitability values match standardization interval 
[1-5], with mean suitability value of 2.86 and standard 
deviation of 0.37. Suitability values range from 1.78 to 
4.10, which indicates that no part of the study area fully 
satisfies the selected criteria. Highest suitability values 
were present in eastern part of the County, in the City of 
Ilok neighbourhood. 
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Figure 3. Suitability thematic map for hazelnut 
cultivation
Slika 3. Tematska karta pogodnosti uzgoja lijeske
CONCLUSION
Presented methodology enabled the evaluation of 
topographic, climate, pedological and infrastructural 
resources for suitability estimation for hazel plantations 
in Vukovar-Srijem County. The foundation of this proce-
dure was GIS-based multicriteria analysis, which served 
as an integration tool of layers representing criteria and 
their respective weights. Multicriteria analysis provided 
a tool for modelling through calculation of cultivation 
suitability, enabling farmer to choose the most suitable 
area for plantation establishment. It also enables a farm-
er to utilize stationary topographic and climate proper-
ties of agricultural land by deciding how and when to 
implement agrotechnical measures in order to maximise 
its potential. The stepwise standardization method in 
[1,5] interval was proven to be more effective than the 
traditional linear scaling method, due to the presence 
of extreme values in certain layers. Grouping of factors 
into four factor groups reduced the complexity of weight 
determination and enabled time-effective calculation. 
Elevation layer emerged as the most influential factor 
in the process. Standardized data and weights were 
integrated using weighted linear combination, resulting 
with suitability values ranging from 1.78 to 4.10. The 
area around the City of Ilok resulted in the highest suit-
ability, followed by north-eastern part of County near 
the Danube River. The suitability result was represented 
in the form of a thematic map, enabling the farmers to 
interpret the results without a need for extensive GIS 
knowledge. 
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PLANIRANJE NASADA LIJESKE 
UPORABOM GIS-A I MULTIKRITERIJSKE ANALIZE
SAŽETAK
Poljoprivredno je zemljište stacionarna komponenta s prostornim i ekološkim uvjetima na koje se ne može 
utjecati, kao što su topografija i klima. Provedeno istraživanje predstavlja metodologiju za izračun pogodnosti 
nasada lijeske temeljenu na multikriterijskoj analizi i primijenjenu u Vukovarsko-srijemskoj županiji. Devet 
kriterija koji predstavljaju topografska, klimatska, pedološka i infrastrukturna svojstva modelirana su u GIS 
okruženju. Vrijednosti stvorenih slojeva standardizirane su pomoću postupne standardizacije, a njihove težine 
izračunate su analitičkim hijerarhijskim procesom. Te su vrijednosti integrirane pomoću težinske linearne 
kombinacije, što je rezultiralo vrijednostima pogodnosti. Područje najviše pogodnosti za nasade lijeske na 
području istraživanja okolica je grada Iloka, s maksimalnom prikladnošću 4,1 od mogućih 5,0. Razina pogodnosti 
vizualizirana je u obliku tematske karte, koja omogućuje poljoprivrednicima interpretaciju podataka. 
Ključne riječi: multikriterijska analiza, GIS, tematska karta, AHP, lijeska
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